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VECTORS AND METHODS FOR 
LONG-TERM IMMUNE EVASION TO 
PROLONG TRANSPLANT VIABILITY 

RELATED APPLICATION 

This application claims the bene?t of US. provisional 
application Ser. No. 60/571 ,873 ?led May 18, 2004, Which is 
hereby incorporated herein in its entirety. 

TECHNICAL FIELD 

This invention relates to the ?eld of cell and organ trans 
plantation, and describes a general method to achieve long 
term suppression of cellular proteins that elicit or potentiate 
host immune responses against un-matched donor antigens. 

BACKGROUND 

Immune responses against donor (i.e., “non-self” or “allo 
geneic”) antigens are the primary cause of rejection of the 
transplanted cells, resulting in graft failure. To date, the pri 
mary strategies for avoiding rejection have been to minimiZe 
antigenic differences betWeen donor and recipient by match 
ing Human Leukocyte Antigens (HLA; also knoWn as Major 
Histocompatibility (MHC) antigens) and by subjecting the 
transplant recipient to potent immunosuppression. 
HLA antigens are encoded by several gene loci; of these, 

the most important for graft survival are the HLA Class I 
antigens A and B (see FIG. 1), and the Class II antigen (FIG. 
2) DR. An HLA matching effect Was signi?cantly associated 
With HLA-A, B, and DR match in kidney transplantation and 
has an overall signi?cant effect for graft survival and/ or rej ec 
tion in pancreas, heart, lung and bone marroW transplantation. 
In liver transplants, matching Was associated With less rej ec 
tion but Was also associated With reoccurrence of disease. 
Thus, the extent to Which the HLA-A, B, and DR loci antigens 
are matched is currently one of the most signi?cant param 
eters affecting outcome in most solid organ and bone marroW 
transplants. 
Kidney Transplants 
Many factors are associated With increased renal transplant 

survival, one of Which is living-related donors, Who Will 
generally have more closely matched set of HLA antigens 
than unrelated donors. Patients cannot alWays bene?t from a 
living-related transplant compared to a cadaveric renal trans 
plant if risk factors Were increased in a living donor transplant 
[7]. For example, graft survival in recipients 18 to 59 years of 
age With a live 50-year-old kidney donor is comparable or 
decreased compared With a cadaveric renal transplant if the 
cadaveric donor is much younger or has feWer HLA mis 
matches. On the other hand, cadaver renal transplants in 
recipients over 60 never provide better outcome than living 
related transplants. These are signi?cant observations since 
live donor transplantation noW comprises more than 40% of 
all kidney transplantation and Will continue to be a large part 
of renal transplantation [8] as long as the number of cadaver 
donors remains constant, as it has through the last ten years. In 
either case, mismatching of HLA antigens incurs immune 
responses that reduce graft survival. 

It has been shoWn that race is one of the risk factors asso 
ciated With renal transplant results. Asians have very high 
graft survival rates and the question has been raised regarding 
Whether or not matching has an effect on results. HoWever, 
OpelZ [9] shoWs that HLA matching does have an additive 
effect on graft survival in Asians. 
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2 
HLA-DP allele matching in renal transplants Was knoWn to 

have a signi?cant effect on renal graft survival. Examination 
of regraft recipients Which Were all one allele match, shoWed 
that immunogenetic epitopes Were important to match [10]. 
These results corroborate the importance of immunogenicity, 
noting that alleles may not alWays be immunogenic. This is 
quite similar to the result found in bone marroW transplanta 
tion With “alleles” solely de?ned by molecular techniques 
[47, 48, 49]. 

There has been an ongoing contention that neW immuno 
suppressive drugs improve graft survival rates, Which pro 
scribes the need for HLA matching [1, 2, 3]. In an analysis [1] 
With over 52,000 transplants from 1978 through 2000, the 
transplants Were broken into three eras: the ?rst wasil 978 to 
1984, prior to calcinurin inhibitor drugs cyclosporinA (CsA) 
and FK-506; the CsA era, 1987 through 1994; and after 
extensive use of FK-506 from 1995 to 2000. Results Were 
shoWn With each match grade and 10-year graft survival. In 
every instance, notWithstanding the difference in immuno 
suppressive drugs utiliZed, the 10-year graft survival differ 
ence betWeen Zero mismatch and six antigens mismatch Was 
1 8%. 

This consistent difference Was found even though trans 
plantation has changed dramatically through the years. That 
is, one year graft survivals Were 58% in 1978-84 as compared 
to 86% in the most recent (1995 to 2000) era. In addition to 
major changes in immuno suppression, there has been a policy 
for prospective matching of Zero HLA-A, B, DR donor mis 
matched patients in the USA. In the ’78-’84 era, the number 
of Zero mismatched patients Was tWo-hundred eleven (2%) 
and in the most recent era, 1995 to 2000, 6,279 (14%) HLA 
Zero mismatched patients Were transplanted. From the large 
difference betWeen Zero and one mismatch, it is clear that 
even one antigen mismatch Was enough for the immune sys 
tem to respond and react vigorously. Also, there Was an addi 
tive increase in graft survival for each mismatched antigen, 
With the largest increase occurring from one to Zero. 

Renal transplant half-life data shoWs an advantage to HLA 
matching at all match grades, particularly at Zero mismatch. 
Half-life increases as match increases and also increases With 
better immunosuppression. Furthermore, both the matching 
and immunosuppres sive effects are additive. NeW changes in 
kidney allocation by United NetWork for Organ Sharing 
(UN OS) eliminate HLA-B, DR matching points in an attempt 
to decrease the disadvantage to minorities and those With rare 
HLA types. Because of the contribution of each HLA A, B, 
DR match, this algorithm change Will reduce graft survival in 
transplant recipients. 
Pancreas Transplants 

Overall, graft survival in pancreas transplants is loWer than 
in kidney transplants. One possibility for these discrepant 
outcomes as compared to kidneys, results from diabetic com 
plications. Functional pancreas graft survival, excluding 
patients that die With a functioning graft, compared to func 
tional kidney graft survival gives similar results, presumably 
because there is a higher death rate due to diabetic complica 
tions. 
The role of HLA matching in pancreas transplantation is 

someWhat controversial. TWo recent investigations have 
reported little HLA matching effect since one year and 5-year 
graft survival of matched and non-matched Were similar [12, 
13]; hoWever, the number of transplants examined Was quite 
small. In fact, it has been shoWn in the international pancreas 
registry [1 1] that pancreas after kidney, or pancreas transplant 
alone, has an HLA Class I matching effect such that if one 
antigen is matched at either HLA-A or B loci, there are 
signi?cant one-year pancreas survival rates of 85% and 74% 
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respectively, versus 70% and 60% for the non-matched. Fur 
thermore, poorly matched patients have shown signi?cant 
increases in rej ection [14]. 

In pancreas transplant recipients, autoantibody to each of 
islet cells and glutamic acid carboxylase Was found inpatients 
With graft complications [15]. Furthermore, pancreas trans 
plant recipients With rejection have anti-HLA Class I and 
Class II antibodies developing post-transplant [16]. HLA 
Class II antibodies Were signi?cantly associated With risk of 
chronic allograft rejection [16]. 
Liver Transplantation 

Although the in?uence of matching on outcome of liver 
graft survival is controversial [17, 18], HLA-A and B match 
ing is signi?cantly associated With loWer graft rejection [18, 
19], but there Was no bene?cial effect of matching HLA-DR. 
Furthermore, if HLA-DR Was matched in liver transplant 
patients, certain disease conditions increase or may recur; 
therefore, HLA DR played a role in the etiology of the disease 
[20]. 

In hepatitis-B infected liver transplant recipients, there Was 
signi?cant graft survival improvement in patients With 
HLA-A and B compatibilities but not DR [21]. Speci?cities 
of HLA Class II antigens Were associated With reduced risk 
for viral infections, that is HLA-DR 11 and HLA-DQ-3 anti 
gen occurrence in the recipient candidates is a reduced risk for 
hepatitis C infection [22]. Also, the frequency of HLA-DQ 
0302 (an allele of DQ-3) Was signi?cantly higher in liver graft 
recipients With acute rejection [23]. Preformed HLA antibod 
ies have not been associated With graft rejection problems 
such that positive crossmatch is not necessarily a contra 
indication for liver transplantation. This is partly due to the 
liver’s large organ mass, its consequent ability to absorb or 
“sponge up” the antibodies Without any deleterious conse 
quences. In small siZe grafts With positive ?oW crossmatches, 
rejection episodes and organ failure have been noted in four 
cases [24]. 
Heart Transplantation 

Heart transplant outcomes shoW a signi?cant correlation to 
HLA matching [25-28]. In Zero mismatches, there is a 
decrease in risk ratio as the number of matches increases. In 
one study [28] there seems to be an association betWeen the 
different HLA loci matches and the risk ratio. That is, HLA-A 
locus matching may be potentiating antigen presentation in 
heart recipients, such that there Was loWer graft survival in 
HLA-A locus matched transplants. Recent studies [25, 26] 
have shoWn similar results. Again, because there is no pro 
spective heart transplant matching system in place, large 
numbers of Well-matched transplants are not available for 
analysis. 

Using left ventricular assist devices has been an important 
advance as a bridge to cardiac transplantation. HoWever, sen 
sitiZation to HLA antigens occurs in patients using the left 
ventricular system devices [29, 30]. In these sensitiZed 
patients there Was increased acute rejection, but not a 
decrease in graft survival [29, 30], When compared to non 
sensitiZed patients. A major ?nding With left ventricular assist 
devices has been that even though antibody is produced, it can 
be controlled through plasmapheresis and also through treat 
ment With IVIG and/or Retuxin, an anti CD20 antibody. In 
other studies, HLA antibodies Were associated With a signi? 
cantly higher incidence of graft rejection episodes and graft 
loss in heart transplant recipients [31, 32]. This may be rec 
onciled With the above studies [29, 30] in that antibodies are 
demonstrated by tWo methodsicomplement dependent and 
How cytometry panel reactive antibodies. The latter shoWs a 
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4 
much higher correlation to graft loss and rejection, Whereas 
the former shoWs less correlation because of the relative 
insensitivity of the test. 
HLA-G is an HLA Class I antigen associated With the 

trophoblast, Which inhibits cellular immunity during preg 
nancy. In cardiac transplants expressing HLA-G, acute rej ec 
tion Was signi?cantly loWer [33], and chronic rejection Was 
not found. IL-2 lymphokine polymorphisms may also shoW 
an important signi?cant correlation With outcomes [34]. Fur 
thermore, there Was a complex interaction With HLA-DR 
matching, such that patients With IL-2 polymorphisms sig 
ni?cantly associated With acute rejection had a better out 
come if they Were HLA-DR matched. 
Lung Transplantation 

In lung transplantation, Bronchiolitis Obliterans Syn 
drome (BOS) is a manifestation of the rejection and graft loss 
process. The test for BOS is based on forced air volume 
declining to less than 80% of baseline as Well as ?brosis and 
death of airWay epithelial cells. An association Was observed 
betWeen the HLA matching and BOS [35, 36, 37, 38, 39], 
With different effects noted for HLA Class I and Class II [35, 
36, 37, 38]; that is, there Was a trend of poorly matched 
HLA-DR and HLA-A recipients having a signi?cant risk for 
BOS. Upon examination of the total number of HLA-A, B, 
and DR mismatches [36], there is a signi?cant association 
Was observed With the appearance of BOS, but not With 
5-year mortality rates, Which seemed to correlate With repeat 
regrafting, congenital heart disease, and recipient age. Again, 
HLA-DR is associated With the appearance of BOS and also 
graft loss [37, 38]. One long-term study shoWed signi?cant 
association of HLA-A and B mismatches, With the occur 
rence of BOS [39]. In this long-term study, the HLA-A, B 
mismatches Were strongly associated (P:0.002) With the 
occurrence of BOS at 4 years, and none of the other factors, 
such as donor/recipient age, ischemia time, pulmonary 
bypass, episodes of acute rejection, CMV, pneumonitis, or 
CsA trough levels, had any long-term consequences associ 
ated With the occurrence of BOS or graft survival [39]. 
Matching trends Were uncertain since there Were not a large 
number of Well-matched patients in these lung transplant 
studies. 
With regard to the BOS post-transplant and an association 

With HLA antibodies, several papers [40, 41, 42, 43, 44] shoW 
the correlation of HLA antibody With the occurrence of BOS. 
Furthermore, monoclonal antibodies to HLA common anti 
gens stimulated in vitro airWay epithelial cell proliferation, 
Which is an initiation event in the development of BOS [40]. 
Patients Who have post-transplant antibody, 90% of Which is 
developed against HLA Class II antigens, shoWed a signi? 
cant (P:0.005) association for the development of BOS [41]. 
Furthermore, in a small study, BOS and death Was reported 
during the folloW-up period in four patients Who had pre 
formed anti-HLA antibodies. Albeit, this Was a small study, 
Class II antibody speci?cities may have played an important 
role in both the development of BOS and the chronic rejec 
tion. It is an object of an embodiment of the invention herein 
to avoid sensitiZation prior to transplant because of the occur 
rence of BOS and the ultimate death of these recipients. 
The mechanism by Which the development of BOS occurs 

With HLA antibody is only partially understood [43, 44]. 
Antibodies can initiate the cascade of proliferation and for 
mation of groWth factor leading to ?brosis. Furthermore, 
apoptosis is also associated With an anti-HLA antibody bind 
ing to the airWay epithelial cells [44]. 
A clear T-cell immune response to HLA Class I and Class 

II antigens Was associated With patients Who have BOS [45]. 
Lymphokine polymorphisms in BOS patients shoWed signi? 
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cant correlation to high producing IL-6 and interferon 
gamma, the latter cause de novo synthesis HLA Class II 
antigens and, therefore, are linked to the association betWeen 
HLA Class II antibody and the appearance of BOS [46]. 
Bone MarroW Transplantation 
Bone marrow transplantation is distinguished from solid 

organ transplants since the organ being transplanted is the 
hematopoietic and immune system. Therefore, in recipients, 
the host bone marroW is ablated or killed so that it does not 
react to the donor bone marroW. Furthermore, if there is any 
recipient HLA antigen mismatching to the donor, graft vs host 
disease can occur Which can have severe complications [47]. 
Therefore recipient mismatches are relevant Whereas in solid 
organ transplants one is concerned With the donor mis 
matches. For these reasons, HLA perfectly matched bone 
marroW transplantation is desirable. Small molecular genetic 
differences are found to cause bone marroW transplant rej ec 
tion [48]. These HLA differences can basically be divided 
into those serologically de?ned and those that are molecu 
larly de?ned. In the former case, there may be more than one 
molecularly based epitope difference in the molecule, 
Whereas, in the latter, a clearly de?ned single sequence dif 
ference is associated With the molecular antigen. It has 
recently been shoWn that if one mismatches the serological 
antigens, this is enough to increase the probability of graft 
failure [49], hoWever, a single HLA molecular mismatched 
antigen does not result in increased graft failure. Since HLA 
is remarkably polymorphic With more than 220, 460, 1 10, and 
360 molecularly de?ned epitopes for HLA-A, B, C, and DR 
respectively, the manner in Which antigens are de?ned, and 
Which antigens are mismatched plays an important role in 
future bone marrow transplantations and in ?nding a match. 

Treatment protocols and bone marroW graft survivals are 
quite different, depending on the disease of patients being 
transplanted. Results vary depending upon leukemia type, 
solid tumor, or syndrome that is treated [50, 51]. 

Matching HLA-C locus (a generally Weakly expressed 
Class I antigen) may be important regarding the activation of 
natural killer cells, since C locus serves as a killing receptor 
inhibitor [52]. It has been shoWn that one mismatch at the C 
locus, i.e. the absence of one killing receptor inhibitor, is 
enough to activate an allogeneic NK cell killing. 
As in solid organ transplants above, the association of 

genetic polymorphism of interferon gamma and IL6 high 
producing phenotypes has recently been associated With graft 
vs host disease [53]. 
Cornea Grafts 

Cornea grafts have not been associated With the HLA 
matching effect [54]. Recently, hoWever, this has been chal 
lenged [55, 56] by results shoWing HLA matching especially 
HLA-DR, to be signi?cantly correlated to outcome. HLA 
antibodies have been a signi?cant problem in corneal grafts 
When observed, and are correlated With poor outcomes [54]. 
Immune Reactivity to HLA 
An in-vitro correlate, i.e. assay, for humoral and cellular 

response is the formation of HLA speci?c antibody. That is, 
With the IgG immunoglobulin formation, there is the require 
ment of CD4 T cell activation With concomitant Class II 
antigen presentation. Therefore, the presence of IgG (as dem 
onstrated With panel reactive antibodies) implicates CD4 
T-cells and B-cells directly. It is envisioned herein that rej ec 
tion and/or graft loss as a consequence of the immune 
response to HLA antigens Would usually, if not alWays, shoW 
HLA antibody as an in vitro correlate. 

HoWever, until recently, an association of HLA antibody 
and transplant rejection and loss Was not clear. With the 
advent of neW, more sensitive IgG speci?c techniques such as 
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How PRA [57] and ELISA [58] in renal transplants [5 9], it has 
recently been shoWn that 96% of all patients Who had rejected 
kidneys had HLA antibody present post-rejection [60]. It has 
been long knoWn that preformed donor speci?c HLA anti 
bodies in kidney transplant recipients can be utiliZed to deter 
mine the risk of hyperacute rejection [60-62]. 
HLA antibodies in renal transplants are associated With 

acute rejection [64-66]. Furthermore, there seems to be an 
association betWeen HLA antibody, speci?cally Class II anti 
body [16, 41, 66] and chronic rejection, as recently revieWed 
[67]. 

SUMMARY OF THE EMBODIMENTS 

An embodiment of the invention provides a virus vector 
comprising a nucleic acid sequence encoding a negative 
modulator of a polymorphic target having conserved 
domains, and the target is an immune recognition/activation 
protein. The term “polymorphic” With respect to the target 
protein means that the protein has variants in amino acid 
sequence Within a population, and because of the presence of 
alleles on the tWo homologous chromosomes of an indi 
vidual, may even be polymorphic Within an individual sub 
ject. Within the amino acid sequences of different variants of 
a polymorphic protein can be found the conserved domains. 

In an alternative embodiment, the invention provides a 
virus vector comprising a nucleic acid sequence Which con 
tains a sequence that, When expressed, functions as a negative 
modulator of a non-polymorphic target having conserved 
domains, and the target is an immune recognition/activation 
protein, i.e., the target protein need not be polymorphic. 

In general, the modulator is an RNA transcript produced 
from the vector. For example, the RNA is a small interfering 
RNA (siRNA) or an antisense RNA. The target protein 
includes a domain of subunit of protein selected from the 
group of an MHC class I, MHC class II, a co-stimulatory 
molecule, and an immuno-modulatory signaling receptor. In 
general, an immunomodulatory receptor has an activating 
function for the immune system, for example, by signal trans 
mission among cells of the immune system, hoWever folloW 
ing use of the viral vectors provided herein, the expression of 
this protein is inhibited. For example, the MHC class I subunit 
is selected from (X1, (x2, (x3 and [32-microglobulin ([32-MG) 
as shoWn in FIG. 1. Further in one embodiment, the MHC 
class I (X3 domain is a loop that interacts With CD8. Altema 
tively, the MHC class II subunit is selected from (X1, [31, and 
[32 as shoWn in FIG. 2. Further, the [32 domain is a loop that 
interacts With CD4. 

In certain embodiments, the nucleotide sequence of the 
modulator is selected from SEQ ID NOs: 1-32. For example, 
the nucleotide sequence targeting the human MHC IO. 
domains are selected from SEQ ID NOs: 7-14. Sequences 
speci?c to the [32-microglobulin subunit of human MHC I can 
be chosen for targeting With siRNA or antisense, and such 
sequences as identi?ed here as SEQ ID NOs: 1-6. Sequences 
speci?c to the A locus of human MHC I can be chosen for 
targeting With siRNA or antisense, and such sequences as 
identi?ed here as SEQ ID NOs: 7-10. Sequences common 
among the A, B and C loci of human MHC I can be chosen for 
targeting With siRNA or antisense, and such sequences as 
identi?ed here as SEQ ID NOs: 11-14. Sequences are inserted 
into a 9-bp loop, SEQ ID NO:15, or an 11-bp loop, SEQ ID 
NO:16, generating nucleic acid sequences of oligonucle 
otides speci?c to the A locus of human MHC I, exempli?ed 
herein as SEQ ID NOs: 17-24 (as pairs of forWard and reverse 
oligonucleotides). Similarly, sequences are inserted into a 
9-bp loop, SEQ ID NO: 15, or an 11-bp loop, SEQ ID NO:16, 
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generating nucleic acid sequences of oligonucleotides com 
mon to the A, B and C loci of human MHC I, exempli?ed 
herein as SEQ ID NOs: 25-32 (as pairs of forWard and reverse 
oligonucleotides). Locations of sequences Within the amino 
acid sequences of class I MHC proteins can be found using 
the folloWing alleles: A*020l0l, B*07020l, and 
CW*070l0l, provided herein as SEQ ID NOs: 32-34, respec 
tively. 

In certain embodiments, the vector is selected from the 
group consisting of: a lentivirus, an adeno-associated virus, 
and a helper-dependent adenovirus. The lentivirus can be a 
strain or a derivative of a human immunode?ciency virus 
(HIV), a simian immunode?ciency virus (SIV), a feline 
immunode?ciency virus (FIV) or an equine infectious ane 
mia virus (EIAV). Without being limited to any particular 
examples, the lentivirus is in various exemplary embodiments 
derived from a commercially available virus vector prepara 
tion that is produced by co-transfection of the lentiviral pack 
aging plasmid pCMVAR8.9l, the VSV-G envelope plasmid 
pMD.G, and the lentiviral vector construct plasmid pRRLsin 
CMV-GFP, or a functional equivalent thereof. 

In alternative embodiments, the co-stimulatory molecule is 
CD80 (B7.l) or CD86 (B7.2). Alternatively the co-stimula 
tory molecule is a potentiating in?ammatory cytokine or its 
cognate receptor. In?ammatory proteins such as these func 
tion to stimulate the immune response, and consequently 
adversely affect the life-time of a tissue, organ or cell graft. 
Exemplary potentiating in?ammatory cytokines are y-inter 
feron, IL-l, IL-2, TNFot, TGF[3, or a receptor for any of these 
proteins. 

In another embodiment the invention provides a method of 
making a virus vector comprising a nucleic acid sequence 
encoding a negative modulator of a conserved immunoregu 
latory target, the method comprising: identifying a target 
domain of an immunopotentiating protein, Wherein the 
immunopotentiating protein is selected from an MHC mol 
ecule, an in?ammatory cytokine or a receptor therefor; locat 
ing a suitable nucleotide sequence of an encoding RNA for 
silencing by siRNA or antisense RNA; and constructing an 
siRNA or antisense expression cassette and inserting it into a 
recombinantly engineered nucleic acid of the vector. 

In a related embodiment the method involves contacting 
donor cells and thereby transducing the cells With the vector. 
The term “transducing” is used to indicate that a viral infec 
tion results in transmission of genetic material that alters the 
genome of the recipient cells, providing genetic information 
to these cells that remains for a period of time longer than a 
mere transient transfection. In a related embodiment the 
method further involves transferring the transduced cells to a 
mammalian subject. Alternatively, locating the sequence fur 
ther comprises searching a computer database of a genome. 

In yet another embodiment the invention provides a 
method of preparing a tissue, cell or organ graft for a subject 
recipient, the method comprising: identifying at least one 
mismatch in HLA proteins; and contacting the donor cells 
With a virus vector that expresses a negative modulator of an 
immune recognition or activation protein for the at least one 
mismatched HLA. The mismatch can be endogenous Within 
the donor cells, i.e., that the tWo alleles carried on homolo 
gous chromosomes are different variants of the protein, or the 
mismatch can be betWeen donor cells and the recipient sub 
ject, or both mismatches may be observed. 

In a related embodiment, the donor graft is a hematopoietic 
cell such as a hematopoietic stem cell, a hemangioblast cell, 
or is a tissue Which is a bone marroW, a mismatch in the 
recipient or betWeen donor and recipient is further treated by 
contacting recipient cells With a virus vector that expresses a 
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8 
negative modulator of an immune recognition or activation 
protein for the at least one mismatched HLA. 

In a related embodiment the method further includes 
administering the contacted cells to the recipient, thereby 
decreasing donor cell immunogenicity and increasing graft 
half-life in the recipient. In the alternative embodiment fol 
loWing administration to recipient contacted cells, the method 
further involves observing a decrease in graft-versus-host 
disease. In a related embodiment, the method further involves 
folloWing administering, observing the graft of contacted 
donor cells having a greater lifetime in the subject than a 
donor cell that is otherWise identical but not similarly con 
tacted. In a related embodiment, the subject is in need of a 
transplant having cells or a tissue of an organ. 

In general, the donor tissue or cell population for the meth 
ods herein is selected from the group of: kidney, pancreas, 
liver, heart, lung, stem cells, bone marroW, fetal cord blood, 
peripheral blood mononuclear cells, T lymphocytes, and cor 
nea. The stem cells may be from a pure cell culture, i.e., 
cultured in vitro, or may enriched or puri?ed from other 
tissues, such as fetal cord blood. The stem cells include, 
Without limitation: hematopoietic stem cells, mesenchymal 
stem cells, and hemangioblast cells. Stem cells may include 
cells that are at a mixture of different phases in development 
of a mature cell, or may be uniform in stage of development. 
In general, the subject recipient is in need of a transplant of 
cells derived from an organ that is selected from a kidney; 
pancreas; liver; heart; lung; brain; bone marroW; and cornea. 

The invention having noW been fully described it is further 
exempli?ed by the folloWing examples and claims Which are 
exemplary and are not intended to be further limiting. The 
contents of all papers cited herein are hereby incorporated 
herein in their entireties. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a draWing of an MHC class I protein shoWing the 
subunits and domains, and relationships to the cell mem 
brane. The a heavy chain has three domains, and the majority 
of antigenic determinants are in otl and Q2. The (X3 domain 
and [32-microglobulin ([32-MG) subunit each have one [3 
pleated sheet Which associate With each other noncovalently. 
The (x1 and (X2 domains have 4-strand [3 sheets and 1 0t helix. 
The tWo 0t helices form the binding cleft and the [3 sheets form 
the ?oor of the cleft. The (X3 domain has a non-polymorphic 
loop Which interacts With CD8, and the [32-MG subunit is 
invariant. 

FIG. 2 is a draWing of an MHC class II protein consisting 
of tWo chains, a and [3, each having tWo domains. The (x1 and 
[31 domains have 4-stranded [3 sheets Which form the ?oor of 
the cleft made up of tWo 0t helices. The [32 domain has a 
non-polymorphic loop Which interacts With CD4. 

FIG. 3 is a draWing shoWing generation of U6 transcription 
cassettes expressing siRNAs, by polymerase chain reaction 
(PCR). 

FIG. 4 is a draWing of a map of plasmid pLentiLox-Red 
having 7638 base pairs shoWing restriction enZyme digestion 
sites on the outside and functional sites on the inside. The 
plasmid Was derived by recombinant technology herein from 
parent vectors pLentiLox 3.7 (pLL3.7; Rubinson D A et al. 
Nature Genetics 33, 401-406 (2003) and pCMV-DsRed-Ex 
press (commercially available from BD Sciences Clontech, 
Mountain View Calif.) by replacing the GFP gene With 
DsRed. The siRNA-encoding hairpin DNA fragments 
expressed as in FIG. 3 are inserted into this vector, Which is 
then used to produce lentivirus virion particles by co-trans 
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fection With appropriate packaging plasmids such as pHR 
CMVA8.91 and pMD.G as shown below. 

FIG. 5 is a drawing of three exemplary lentivirus packaging 
constructs: top is pCMVAR 8.91 (Aenv+Avif, Avpu, Anef); 
middle is envelope construct pMD.G, and bottom is transfer 
vector pRRLsin-CMV-GFP. These vectors are described, 
respectively, in Zufferey, R et al., Nat. Biotech. 151871 (1997); 
Page, KA et al., J. Virol. 6415270 (1990); and Zufferey, R et 
al. J. Virol. 7119873 (1998). 

FIG. 6A is a set of photographs shoWing high e?iciency 
transduction of primary cardiomyocytes With VSV-G 
pseudotyped lentivirus vectors as determined by anti-myosin 
staining (left) and green ?uorescent protein (GFP) ?uores 
cence determined by ?uorescence activated cell sorting 
(FACS; right). 

FIG. 6B is a set of photographs shoWing high e?iciency 
transduction of primary lung epithelial cells With VSV-G 
pseudotyped lentivirus vectors as determined by ?uorescence 
microscopy (left) and ?oW cytometry (FACS; right). FloW 
cytometry data shoW that 98.9% of cells Were successfully 
transduced. 

FIG. 7 is a set of photographs shoWing higher transduction 
e?iciencies (94%) achieved by lentivirus vectors (left) in 
primary human keratinocytes than by conventional transfec 
tion, including superfection (17%), lipofection (23%), cyto 
fection (6%), F-2 (15%), and Ca++ (9%), each transduction 
e?iciency measured by % GFP-positive cells by ?uorescence 
activated cell sorting (FACS). 

FIG. 8 is a graph comparing number of events, on the 
ordinate, and ?uorescence, on the abscissa, in human 293 
embryonic kidney cells stably transduced With lentivirus vec 
tors expressing [32-microglobulin hairpin siRNA (left curve) 
or control vector (right curve), assayed by FACS using PE 
conjugated anti-[32 antibody. Data shoW that lentivirus-medi 
ated gene transfer of hairpin siRNA achieves inhibition of 
human [32-microglobulin on the cell surface in the entire 
population. 

FIG. 9 is a set of graphs comparing number of events, on 
the ordinate, and ?uorescence, on the abscissa, in human 293 
embryonic kidney cells stably transduced With lentivirus vec 
tors expressing universal sequence 1 (ABC-1; SEQ ID NO: 
25) treated With hairpin siRNA (right curve) or control empty 
vector (left curve), assayed by FACS using PE-conjugated 
anti-(x2 antibody. Data shoW that lentivirus-mediated gene 
transfer of hairpin siRNA achieves inhibition of human class 
I MHC A protein. 

FIG. 10 is a set of graphs comparing number of events, on 
the ordinate, and ?uorescence, on the abscissa, in human 293 
embryonic kidney cells stably transduced With lentivirus vec 
tors expressing universal sequence 1 (ABC-3; SEQ ID NO: 
29) treated With hairpin siRNA (right curves) or control 
empty vector (left curve), assayed by FACS using PE-conju 
gated anti-(x2 antibody. Data shoW that lentivirus-mediated 
gene transfer of hairpin siRNA achieves inhibition of human 
class I MHC A protein. 

FIG. 11 is a set of graphs comparing number of events, on 
the ordinate, and ?uorescence, on the abscissa, in human 293 
embryonic kidney cells stably transduced With lentivirus vec 
tors expressing universal sequence 1 (ABC-3; SEQ ID NO: 
29) treated With hairpin siRNA (triplicate samples), assayed 
by FACS using PE-conjugated anti-(x2 antibody reactive With 
each of A, B and C alleles respectively from left to right. Data 
shoW that lentivirus -mediated gene transfer of hairpin siRNA 
that is found in all three class I MHC alleles achieves inhibi 
tion of human class I MHC A, B and C proteins. 

FIG. 12 is a set of graphs using human 293 embryonic 
kidney cells, shoWing FACS analysis of uninfected untrans 
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10 
duced cells in the top left panel; empty-vector (no-siRNA) 
Lentilox-Red infected cells stained With anti-A-2 allele anti 
body in the top middle panel; empty-vector (no-siRNA) Len 
tilox-Red infected cells stained With anti-A, B and C locus 
antibody in the top right panel; Lentilox-Red empty vector 
infected unstained cells in the loWer left panel; LentiLox-Red 
expressing A-2 siRNA stained With anti-A-2 antibody in the 
loWer middle panel; and Lentilox-Red expressing ABC 
siRNA stained With anti-A, B and C locus antibody in the 
loWer right panel. The data shoW a very major shift of cells 
into the quadrants that shoW no expression of the HLA pro 
teins in the loWer middle and right panels, indicating that 
siRNA inhibits expression of A-2 as shoWn in the loWer 
middle panel, and all of A, B and C loci encoded proteins, as 
shoWn in the loWer right. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

HLA matching is more or less effective depending on the 
organ transplanted, and is a crucial procedure for maximizing 
the compatibility betWeen the donor graft and the recipient. 
HoWever, this necessarily means that the better the match 
betWeen the donor tissues and the recipient, the more limited 
Will be the supply of donors; in fact, identifying and procuring 
the best matches represents the major limitation to the ?eld of 
organ transplantation, and the current situation is that there is 
an overWhelming lack of donors compared to the number of 
potential recipients, Who must generally remain on a Waiting 
list for a suitable match. Often no match can be obtained 
before the candidate recipient succumbs to their underlying 
disease. 

Furthermore, even With Well-matched HLA antigens, this 
procedure at best simply delays the ultimate onset of rejec 
tion, even in combination With potent general immunosup 
pressive treatments. While non-speci?c immunosuppression 
thus does enhance graft survival, the broad “shotgun” immu 
nosuppres sive regimens in current use remain risky in order to 
maintain a ?ne balance betWeen “too little” immunosuppres 
sion resulting in graft rejection, or “too much” immunosup 
pression subjecting the transplant recipient to infection and 
toxicity. It should also be noted that, Without speci?c immu 
nosuppression methods to eliminate only the responding 
clones of cells that react against the donor mismatched anti 
gens, a tolerance state can be achieved. 
The present invention in one embodiment therefore pro 

vides a method to achieve such speci?c immunosuppression 
by doWn-regulating critical molecules (including, but not 
limited to, HLA) Which participate in the process of host 
immune recognition of mismatches and/or activation of the 
immune response against the graft. Thus, immune cells 
responding to mismatched antigens in the donor are not gen 
erated or are speci?cally modulated, thereby reducing or 
eliminating the need for HLA matching in order to achieve 
speci?c non-responsiveness to the donor antigens. Further 
more, simply from the standpoint of avoiding the develop 
ment of HLA antibodies, it Would be advantageous to doWn 
regulate their expression on the cell surface of the transplant 
graft, thereby denying any such antibodies a target. 

This is achieved by the use of virus-based gene delivery 
vehicles, or “vectors”, Which alloW e?icient and stable trans 
duction of donor graft cells. The virus vectors (embodiments 
for long-term stable transduction include, but are not limited 
to, lentivirus vectors, adeno-associated virus (AAV) vectors, 
and helper-dependent adenovirus vectors) are employed to 
deliver nucleic acid sequences that doWn-regulate or interfere 
With the function of mRNAs encoding critical immune rec 
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ognition or activation proteins, or that encode proteins Which 
in turn doWn-regulate or otherwise interfere With the function 
of the above-mentioned mRNAs encoding critical immune 
recognition or activation proteins. The ?rst method includes, 
but is not limited to, the delivery of sequences encoding small 
interfering RNAs (siRNAs), anti-sense mRNA, and 
riboZymes. The second approach includes, but is not limited 
to, the delivery of sequences encoding speci?c ubiquinating 
enzymes, dominant-negative inhibitory proteins, and trans 
membrane or secreted immunosuppressive factors. The tar 
gets for these inhibitory sequences include, but are not limited 
to, HLA antigens, co-stimulatory molecules, and immuno 
inhibitory signaling receptors. The net effect is to decrease 
donor cell immunogenicity and reduce the recipient’s 
immune response. 
Lentiviral Vectors 

Although the life cycle of lentiviruses is similar to that of 
oncoretroviruses, there are several major differences. Vectors 
based on oncoretroviruses such as Moloney murine leukemia 
virus (MLV), Which have hitherto been the most popular gene 
delivery systemused in clinical trials, can only transduce cells 
that divide shortly after infection, because the MLV pre 
integration complex cannot migrate to the nucleus in the 
absence of nuclear envelope breakdoWn during mitosis. 

Lentiviruses such as HIV can infect non-proliferating cells, 
oWing to the karyophilic properties of the lentiviral pre-inte 
gration complex Which alloWs recognition by the cell nuclear 
import machinery. Correspondingly, HIV-derived vectors can 
transduce cell lines that are groWth-arrested in culture, as Well 
as terminally differentiated primary cells including neurons, 
hepatocytes, and cardiomyocytes, endothelium, alveolar 
pneumocytes, and keratinocytes (N aldini et al., 1996 Science 
272: 263-267; Blomer et al., 1996 Hum. Mol. Genet. 5: 1397 
1404; Kafri et al., 1997 Nature Genet. 17: 314-317; Sakoda et 
al., 1999 J. Mol. Cell. Cardiol., 31 : 2037-2047; Shichinohe et 
al., 2001; Borok et al., 2001 J. Virol.75: 11747-11754; Li et 
al., 2002 Exp. Cell Res. 273: 219-228; Chen et al., 2002 
Nature Genet. 32: 670-675). 

Pseudotyped lentiviral vectors have also been shoWn to 
mediate e?icient delivery, integration, and sustained long 
term expression of transgenes into post-mitotic cells such as 
adult neurons in vivo (Naldini et al., Science 272: 263-267 
1996; Blomer et al., 1996 Hum. Mol. Genet. 5: 1397-1404). 
In this case, the vector Was pseudotyped (i.e., encoated With a 
heterologous envelope protein) With vesicular stomatitis 
virus glycoprotein (VSV-G) to achieve Wider host range and 
stability of virions. VSV-G pseudotyped vectors can be con 
centrated up to 109 infectious particles per ml; hoWever, the 
possible toxicity of vector preparations containing the highly 
fusogenic VSV-G protein remains a concern, especially at 
higher multiplicities of infection. Furthermore, the possible 
toxicity of HIV accessory genes retained in lentiviral vector 
constructs, as Well as the possibility of recombination leading 
to generation of Wild type virus, has also been raised as a 
safety concern. HIV-derived multiply attenuated vector sys 
tems deleted of vif, vpr, vpu, nef and tat have been reported 
(Zufferey et al., 1997 Nature Biotechnol. 15: 871 -875; Dull et 
al., 1998 J. Virol. 72: 8463-8471). The only auxiliary gene 
remaining in this system is rev, Which, along With the Rev 
response element (RRE) as its cognate binding sequence, is 
required for ef?cient export of the vector and packaging con 
struct RNAs from the nucleus during virus production (FIG. 
5). Thus both toxicity and the likelihood of recombination are 
reduced in these second- and third-generation lentiviral vec 
tor systems. 

Another advantage of lentiviral vector systems is that the 
promoter inherent in the HIV long terminal repeat (LTR) is 
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critically dependent on the HIV-encoded Tat transctivator 
protein for transcriptional function. As the sequences encod 
ing Tat are completely removed from the lentiviral vector 
construct, there is little promoter activity from the LTR, and 
effective transgene expression is dependent on the addition of 
an internal promoter. Although our lentiviral constructs all 
currently contain internal CMV promoters to drive trans gene 
expression (see beloW), this dependence on internal promot 
ers Wouldbe particularly advantageous if tissue-speci?c (e. g., 
neuron-speci?c) or conditional (e.g., tetracycline-respon 
sive) promoters Were to be used. This may also be important 
for long term gene expression, as silencing of CMV pro 
moter-driven transgene expression has been described over 
time in some cells. Furthermore, it has previously been found 
that, despite the lack of signi?cant promoter activity in the 
absence of Tat, promoter interference betWeen the HIV LTR 
and the internal CMV promoter can occur, thus signi?cantly 
attenuating the levels of trans gene expression achieved. This 
has been largely overcome by the use of third-generation 
self-inactivating (SIN) vectors, in Which a portion of the U3 
region of the 3' LTR has been deleted (Dull et al., 1998 J. 
Virol. 72: 8463-8471); thus, after reverse transcription, this 
deletion Will be copied to the 5' LTR and hence result in loss 
of LTR promoter sequences in the integrated provirus, Which 
therefore prevents interference With the function of the inter 
nal promoter. 
Vector System 
An HIV-based packaging system for the production of 

lentiviral vectors is employed herein (FIG. 5), using con 
structs in Naldini et al., 1996 Science 272: 263-267; Zufferey 
et al., 1997 Nature Biotechnol. 15: 871-875; and Dull et al., 
1998 J.V“1rol. 72: 8463-8471. 
The lentivirus packaging construct pCMVAR8 .91 contains 

the HIV gag-pol genes driven by a CMV promoter, With both 
the packaging signal and most of the env gene deleted (except 
for the RRE and the Tat and Rev coding sequences), and is 
deleted of vif, vpr, vpu, and nef(Zufferey et al., 1997 Nature 
Biotechnol. 15: 871 -875). To replace the HIV gp160 envelope 
(Which Would result in a vector that binds only CD4+ cells), 
We use the envelope construct pMD.G, Which expresses the 
vesicular stomatitis virus glycoprotein envelope (V SV-G; 
Naldini et al., 1996 Science 272: 263-267); this alloWs e?i 
cient transduction of a Wide variety of cell types, as the 
receptor for VSV-G is thought to be a phospholipid. 
A number of vector constructs are available to be packaged 

using the above system, based on the third-generation lentivi 
ral SIN vector backbone (Dull et al., 1998 J. Virol. 72: 8463 
8471). For example the vector construct pRRLsinCMVGFP 
pre contains a 5' LTR in Which the HIV promoter sequence 
has been replaced With that of Rous sarcoma virus (RSV), a 
self-inactivating 3' LTR containing a deletion in the U3 pro 
moter region, the HIV packaging signal, RRE sequences 
linked to a marker gene cassette consisting of the Aequora 
jelly?sh green ?uorescent protein (GFP) driven by the CMV 
promoter, and the Woodchuck hepatitis virus PRE element, 
Which appears to enhance nuclear export. 
The GFP marker gene alloWs quantitation of the transduc 

tion ef?ciency simply by UV ?uorescence microscopy or 
How cytometry (Kafri et al., 1997 Nature Genet. 17: 314-317; 
Sakoda et al., 1999 J. Mol. Cell. Cardiol., 31: 2037-2047). 
Therefore, a version of pRRLsinCMVGFP Was constructed 
that contains a multiple cloning site (MCS) just upstream of 
the CMV-GFP cassette, into Which can be cloned the siRNA 
expression cassette. For expression of siRNA in examples 
herein, the U6 promoter (a Pol III-type promoter) is used 
instead of the CMV promoter (a Pol II-type promoter), as 
shoWn in FIG. 3. The U6 promoter-siRNA hairpin cassette 






































